Five indole compounds (5-hydroxy-L-tryptophan, L-tryptophan, indole-3-acetic acid, melatonin, serotonin) and hypericin were identified and quantified in methanolic extracts of shoot cultures of three Hypericum perforatum cultivars (Helos, Elixir, Topas) growing on two variants of Murashige -Skoog medium differing in concentrations of growth regulators (naphthalene-1-acetic acid and 6-benzylaminopurine). Extracts of the aboveground parts of field-grown plants (Hyperici herba) were also analyzed by HPLC and TLC analysis coupled with densitometric detection. Determination of four compounds was based on our assay described earlier. The methods of determination of 5-hydroxy-L-tryptophan and hypericin were developed and validated in this study. The composition and contents of the metabolites under study differed between the cultivars cultured in vitro and between medium variants containing diverse contents of growth regulators. The contents of individual indole compounds in the biomass from in vitro cultures ranged from 39.6 to 343.2 mg/100 g dry mass. 5-Hydroxy-Ltryptophan was the dominating metabolite (from 78.2 to 343.2 mg/100 g dry mass). Extracts from shoots of the cultivar Helos also contained high contents of serotonin (319.9 and 197.4 mg/100 g dry mass). The contents of indole compounds in Hyperici herba were also diverse (from 7.1 to 55.3 mg/100 g dry mass). 5-Hydroxy-L-tryptophan was the dominating metabolite as well. Hypericin content of Hyperici herba, equaling 12.2 mg/100 g dry mass was from 3.3 to 10 times higher than in extracts from shoots cultured in vitro. The present report is the first analysis of endogenous accumulation of indole compounds in Hyperici herba which involves, apart from melatonin, four other compounds.
St. John's wort (Hypericum perforatum L., Hypericaceae) is a medicinal plant that has been extensively studied, because of its bioactive properties [1] . The aboveground parts of this species contain flavonoids (mono-and dimeric), xanthones, phenolic acids, hypericins, hyperforins, and terpene compounds (volatile oils) [2, 3] . In contrast, indole compounds have been rarely studied. Endogenous accumulation of these metabolites in in vitro cultures has not been investigated so far. Available literature contains only information about biotransformation of exogenous L-tryptophan into melatonin and serotonin in H. perforatum cv. Anthos plants regenerating in in vitro cultures [4] .
The indole skeleton is the basis of substances fulfilling important functions in the human body, such as serotonin and melatonin. In the central nervous system, serotonin is used for signal transmission and it appears to enhance the perception of well-being and to modulate the intensity of emotional states. Serotonin is also implicated in some cognitive functions, including memory and learning. L-Tryptophan and 5-hydroxy-L-tryptophan are precursors of serotonin. 5-Hydroxy-L-tryptophan, which is a direct precursor of serotonin [7, 8] , when ingested, easily crosses the blood-brain barrier, entering the central nervous system where it is efficiently converted to serotonin. In neurodegenerative diseases, melatonin plays a neuroprotective role [10, 11] and shows immunomodulatory activity [12] . Tryptamine is found in trace amounts in the brain, and is believed to play a role as a neuromodulator or neurotransmitter [13] [14] [15] [16] .
Chemical diversity of plants, in particular differences in the enzymatic potential of cultivars, is a well-known phenomenon in nature. The aim of the present study was HPLC and TLC analysis coupled with densitometric detection of the contents of twelve indole compounds in methanolic extracts from both aboveground parts of plants growing in natural conditions (Hyperici herba) and shoot in vitro cultures of three H. perforatum cultivars (Helos, Elixir, Topas) growing on two variants of Murashige-Skoog (MS) medium [17] differing in their contents of the growth regulators naphthalene-1-acetic acid (NAA) and 6-benzylaminopurine (BAP). The analysis also included quantitation of hypericin. Indole compounds were determined using our previously described method [18a,18b] . The methods for 5-hydroxy-L-tryptophan and hypericin analysis were developed and validated in this study. This is the first analysis of endogenous accumulation of indole compounds in H. perforatum in vitro cultures. It is also a broad analysis of indole compounds in Hyperici herba which comprised, apart from melatonin, four other compounds. The conditions for TLC coupled with densitometric detection in the UV range, developed in the present study, allow for identification and simultaneous quantitation of 5-hydroxy-L-tryptophan, L-tryptophan, indole-3-acetic acid and serotonin, as well as melatonin and hypericin in biological material.
Both confirmation of identity and quantitation of the above metabolites were possible after their preliminary isolation according to the described procedure of analyte extraction and extract separation by preparative TLC. Analysis of the investigated extract components was performed using three mobile phases. The mobile phase composed of propan-2-ol: 25 % NH 3 : water (8: 1: 1, v/v/v) allowed for simultaneous separation of 5-hydroxy-L-tryptophan, Ltryptophan, indole-3-acetic acid and serotonin, which was confirmed by separation of standard solutions. Differences in Rf values were observed, which was an advantage in identification of the components. Densitometric measurements at λ = 280 nm allowed for the recording of peaks directly from chromatograms. The peaks were well developed and readily quantifiable ( Figure 1 ). Confirmation of identity and quantitation of melatonin was carried out using the mobile phase butan-1-ol: glacial acetic acid: water (12: 3: 5, v/v/v) coupled with densitometric detection at λ = 280 nm. Hypericin was analyzed with the use of a mobile phase composed of formic acid: water: ethyl acetate (6 : 9 : 90, v/v/v) coupled with densitometric detection at λ = 254 nm. Table 1 indicate that the proposed method is characterized by a high sensitivity; LOD for 5-hydroxy-L-tryptophan is 0.059 mg, and 0.104 mg for hypericin; LOQ was estimated at 0.179 mg and 0.315 mg, respectively. Recovery of the components under study amounted to: 97.4% and 99.0% respectively. The method is also characterized by a high precision; RSD for the substances under analysis equaled 3.15% and 1.71% Linearity for 5-hydroxy-L-tryptophan and hypericin was preserved in a wide concentration range: from 0.014 mg/mL to 0.188 mg/mL for 5-hydroxy-L-tryptophan, and from 0.018 mg/mL to 0.180 mg/mL for hypericin. Application of the chromatographicdensitometric method for analysis of the extracts allowed for a precise, relatively easy, and quick determination of the compounds under study.
Validation results presented in
Methanolic extracts of shoot cultures of three H. perforatum cultivars (Helos, Elixir, Topas) growing on two variants of MS medium and extracts of Hyperici herba (analyzed for comparison) were demonstrated to contain 5 of the 12 tested compounds: 5hydroxy-L-tryptophan, L-tryptophan, indole-3-acetic acid, melatonin and serotonin. The cultivars cultured in vitro differed in composition and contents of the studied metabolites. Composition and contents of the tested metabolites were also dependent on growth regulators present in the MS medium variants ( Table 2 ).
The contents of individual indole compounds in extracts of the biomass from in vitro cultures ranged from 39.6 to 343.2 mg/100 g dry mass (DM). The contents of 5-hydroxy-L-tryptophan were the highest ranging from 78.2 to 343.2 mg/100 g DM, the maximum being found in the extracts from shoots of the cultivar Helos on MS medium supplemented with 0.5 mg/L NAA and 0.5 mg/L BAP. Ltryptophan contents were also diverse varying from 65.8 to 234.8 mg/100 g DM. Its highest contents were observed in extracts from the cultivar Topas (on MS medium without growth regulators). Serotonin contents were also high, ranging from 145.4 to 319.9 mg/100 g DM. The highest contents of this metabolite were also noted in biomass of shoots of the cultivar Helos (on MS medium containing 0.5 mg/L NAA and 0.5 mg/L BAP). Melatonin contents were lower than those of the three above-mentioned metabolites and fluctuated from 39.6 to 141.2 mg/100 g DM. The largest accumulation of this metabolite was seen in shoots of the cultivar Helos cultivated on MS medium without growth regulators. x -mean value for n = 5, S x -standard deviation, Sy -standard error of estimation, t 95% -confidence interval at 95%, RSD -coefficient of variation, p -area (mm 2 ), c -concentration (mg/mL), r-correlation coefficient. 
Extraction and sample preparation:
The study material (2.5 g of each species) was frozen and immediately dried by lyophilization (lyophilizer Freezone 4.5, Labconco; at -40°C). After lyophilization, materials were weighed (2.5 g of each species) and ground in a mortar, then the crushed dry mass was placed in a percolator (which was kept in the dark) and extracted with light petroleum in order to remove oil fractions. These were discarded and the remaining biomass was dried and extracted again with methanol in a percolator for 24 h. The extracts were concentrated by distillation in a vacuum evaporator under reduced (200 mBa) pressure at 40º C. To remove the remaining lipids, the concentrated extracts were frozen. The residues were quantitatively dissolved in methanol, filtered through Whatman No. 3 paper and purified by TLC. For the purification of the extracts, TLC on aluminum-backed silica gel 60 (Merck, Art. No 1.055540001) plates was used, onto which the methanol extracts were loaded. Chromatograms were developed in the mobile phase that was found to be optimal for separation of indole compounds: npropanol/ethyl acetate/water (7:1:2, v/v/v). Spots containing indole compounds were identified under a UV lamp at λ=280 nm. The obtained fractions were extracted from chromatograms with methanol, filtered through a syringe driven filter unit (Millex, Milipore Corporation, USA), and then concentrated by distillation in a vacuum evaporator under reduced pressure at 40º C. The extracts quantitatively dissolved in 1.5 mL of methanol were subjected to both HPLC and TLC analyses coupled with densitometric detection.
Melatonin (Rf ~ 0.85) was analyzed using the mobile phase containing butan-1-ol: glacial acetic acid: water (12: 3: 5, v/v/v) (B), while the mobile phase with formic acid: water: ethyl acetate (6: 9: 90, v/v/v) (C) was applied for separation of hypericin (Rf ~ 0.65). Spots on chromatograms were detected densitometrically at λ = 280 nm for indole compounds and at λ = 254 nm for hypericin. Conditions for determination of 5-hydroxy-L-tryptophan (mobile phase B) and hypericin (mobile phase C) were evaluated by determining accuracy, precision, linearity, limit of detection and limit of quantitation.
Accuracy, precision and linearity: Accuracy of the method was assessed by calculation of percent recovery for 5-hydroxy-Ltryptophan and hypericin. The test was performed by the addition of an exactly known dose of the standard substance amounting from 80% to 120% of the declared content. The determination was performed before and after the addition of the standard substance (Table 1) . Precision was determined using model solutions prepared by dissolving the substances under analysis in methanol. Five repetitions of each solution were analyzed (Table 1) . Linearity was tested for the relationship between peak areas (in mm 2 ) vs. concentration (in mg/mL). Linearity was evaluated by the calculation of linear regression equations and correlation coefficients (r).
Limit of detection (LOD) and limit of quantification (LOQ):
Limit of detection and limit of quantification were calculated based on standard deviation and slope using equations: LOD=3.3 Sy/a, LOQ=10 Sy/a, where: Sy -standard error of estimation, a -slope (Table 1) . As a result of the conducted examination, the analytical procedure was established.
Determination of the content of 5-hydroxy-L-tryptophan, Ltryptophan, indole-3-acetic acid and serotonin by TLC analysis coupled with densitometric detection: Standard solutions (2 μL)
and fractions of test extracts (10 μL) were loaded onto 10 cm x 10 cm TLC plates (coated with silica gel with fluorescent agent F254, manufactured by Merck, Art. No 1.05554.0001) as 1 cm long bands by means of a Camag (Muttenz) Linomat IV sample applicator. Chromatograms were developed to a height of 13.5 cm in a chromatographic chamber saturated with mobile phase A and were dried at room temperature. Densitometric analysis was performed at a wavelength of 280 nm using a Camag TLC-Scanner 3 densitometer with wincats software.
Determination of the content of melatonin by TLC analysis coupled with densitometric detection: Standard solutions (5 μL)
and fractions of test extracts (10 μL) were loaded onto 10 cm x 10 cm TLC plates (coated with silica gel with fluorescent agent F254, manufactured by Merck, Art. No 1.05554.0001) as 1 cm long bands by means of a Camag (Muttenz) Linomat IV sample applicator. Chromatograms were developed to a height of 9.5 cm in a chromatographic chamber saturated with mobile phase B and were dried at room temperature. Densitometric analysis was performed at a wavelength 280 nm.
Determination of the content of hypericin by TLC analysis coupled with densitometric detection: Standard solutions (2 μL)
and fractions of test extracts (10 μL) were loaded onto 10 cm x 10 cm TLC plates (coated with silica gel with a fluorescent agent F254, manufactured by Merck, Art. No 1.05554.0001) as 1 cm long bands by means of a Camag (Muttenz) Linomat IV sample applicator. Chromatograms were developed to a height of 9.5 cm in a chromatographic chamber saturated with mobile phase C and were dried at room temperature. Densitometric analysis was performed at a wavelength 254 nm.
Statistical analysis:
The statistical analyses were conducted using Statistica 10 (StatSoft, Poland). Statistical significance was defined at p≤ 0.05.
